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This work originated in an attempt to determine 
activity coefficients at infinite dilution from experi­
mental gas-liquid chromatographic retention volumes.
It has now been extended to include heats of mixing, 
relative volatilities, entropy and free energy changes 
of mixing, and the variation of these properties with 
temperature.
The experimental studies were conducted in a high 
temperature gas-liquid partition chromatograph. Measure­
ments were made of the retention volumes for binary 
systems composed of alcohols, ketones, aromatic, paraf- 
finic and cycloparaffinic compounds over a temperature 
range from 30° Centigrade to 125° Centigrade. From this 
retention volume data, the thermodynamic properties and 
the departure of the solutions from ideality, expressed 
as activity coefficients at infinite dilution, were cal­
culated. The magnitude of both the intermolecular force 
contribution and the size and shape contribution of solute 
and solvent to the non-ideality was studied.
On the basis of ease and rapidity, the choice of gas
x
chromatography as a means for studying solution behavior 
is an excellent one. A minimum of analytical work is re­
quired to measure the non-idealities of solution with this 
instrument. Further, the ..validity and reliability of the 
chromatographic method was thoroughly investigated in a 
number of recent publications.
It was the object of this investigation not only to 
obtain values of thermodynamic properties of solutions, 
but also to predict these properties from certain charac­
teristics of the pure materials. A semi-empirical method 
utilizing the molal volume of solute and solvent was de­
veloped for the prediction of the activity coefficient at 
infinite dilution and the temperature dependence of this 
quantity.
It was theorized that the activity coefficient at 
infinite dilution could be represented in the form of an 
equation containing the pure component molal volumes. The 
exact form of this equation was established by fitting the 
experimental data using a digital computer.
Since the molal volume of solute and solvent are 
dependent only upon temperature, at constant pressure, 
differentiation of the expression for activity coefficients 
in terms of molal volume yields a relationship for the
xi
temperature dependence of the activity coefficient. From 
this expression, the excess enthalpy, free energy and 




Activity coefficients at infinite dilution have con­
siderable theoretical significance for calculating the ther­
modynamic properties of mixtures. The present study stems 
from a previous investigation (3) made in these laboratories 
which showed the gas chromatograph to be a useful instrument 
for the rapid and accurate determination of this quantity.
The possibility of predicting the activity coefficient at 
infinite dilution from structural characteristics of the pure 
components in binary mixtures was also shown. Accordingly, 
the use of gas chromatographic methods has been continued and 
the scope of the previous investigation has been extended to 
include heats of mixing, relative volatilities, entropy changes 
of mixing, and the variation of these quantities with temperature.
At present, the knowledge of phase equilibrium is inade­
quate for the formulation of a general theory of solution be­
havior. Many investigators feel that more and better data will 
be necessary before a workable theory can be formulated. In 
the case of non-ideal solutions, no general method is available 
for quantitative prediction of the departure from ideality in
2
the absence of experimental data. Further, the necessary data 
for comparison to theoretical solution models are available 
for only a few systems.
The solution models proposed by Hildebrand (11), Flory 
and Huggins (19), Miller (11), Guggenheim (11), and others 
have met with very limited success due to oversimplification 
of the model. The more recent predictions of thermodynamic 
properties utilize a "solution of groups" model to describe 
the solution behavior. The property under consideration is 
assumed to be the sum of the contributions of the various 
molecular groups which comprise the solution. This treatment, 
while very successful in predicting activity coefficients for 
homologous solutions, such as aldehyde homologs in normal para­
ffins; is limited by the absence of a continuous mathematical 
expression for the temperature dependence of the activity 
coefficient. Attempts to estimate thermodynamic properties 
from potential functions, for example - the Lennard-Jones 
Potential,.and spectrographic data have been only partially 
successful.
The lack of a sufficient quantity of reliable data re-*
suits from the time and precision required for measurements 
with existing equipment. Until recently, experimental heats 
of solution were calculated from caloriraetric data or vapor- 
liquid equilibrium data from stills or static systems.
3
Calorimetrie determinations require a very high degree of ex­
perimental precision for obtaining small heats of solution.
The vapor-liquid equilibrium methods are time consuming since 
a large number of vapor and liquid compositions must be ob­
tained at several temperatures.
Ease and rapidity are the most important attributions of 
gas-liquid partition chromatography to the study of solution 
behavior. As a result of the pioneering work of Martin and 
Synge (21) and Deal, Stross, and Porter (26); the usefulness 
and validity of chromatographic studies of solution behavior 
have been firmly established. Several investigators (1, 10) 
have calculated activity coefficients from chromatographic 
retention volumes and found them to be in agreement with those 
determined from static measurements. The use of a gas chroma­
tograph for obtaining thermodynamic properties has been thor­
oughly tested at these laboratories in a previous project (3).
It is the purpose of this investigation to obtain experi­
mental chromatographic retention volumes for binary hydrocarbon 
systems. From these data thermodynamic properties of the solu­
tions and the departure from ideality, expressed in terms of 
activity coefficients at infinite dilution, can be calculated. 
The magnitude of both the intermolecular force contribution 
and the size and shape contribution of solute and solvent to 
the non-ideality will be studied. Equations relating the
activity coefficients at infinite dilution to temperature and 
properties of the pure components will be developed. The 
binary systems chosen for study are composed of normal alcohols, 
aromatics, eyeloparaffins, normal paraffins, and ketones.
This study is a part of a continuing research program on 
solution behavior at these laboratories and contributes, it 
is felt, toward a better understanding of the thermodynamics 
of the liquid state.
CHAPTER II 
REVIEW OF CHROMATOGRAPHIC METHODS
A.
Though gas chromatography has long been a valuable tool 
in qualitative and quantitative chemical analysis, only re­
cently has it come to be more than just a powerful analytical 
tool. By careful study of the more recent publications, it 
will be noted that the non-analytical applications are grow­
ing rapidly.
The object of this investigation is the measurement of 
activity coefficients at infinite dilution, the study of the 
effect of temperature and the nature of the solvent on the 
activity coefficient. These studies will be the basis for 
the development of suitable equations for the prediction of 
the thermodynamics of solutions.
In order to better understand the behavior of solvent and 
solute in a column, a qualitative approach will be considered 
first.
A small sample of volatile material is vaporized and then 
introduced into a column containing a relatively non-volatile 
liquid. The more volatile solvent molecules will continually 
be absorbed and desorbed from the stationary solvent. During
5
the time that a solute molecule is absorbed, there is no move­
ment of the molecule down the column. The remainder of its 
residence time is spent in the gas phase. It is during this 
latter period that the solute is transported down the column 
by the carrier gas.
The quantity of solute in the gas phase is related to 
its partial pressure above the solvent phase and consequently 
to its vapor pressure. For the case of a volatile solute in 
a relatively non-volatile liquid, as in a chromatographic 
column, there may be marked deviation from ideal behavior.
This non-ideality complicates the picture of solution be­
havior. A simplification is introduced in the chromatographic 
column, however, by the fact that the number of solute mole­
cules is small compared to the number of solvent molecules.
For small samples, the solute does indeed approach infinite 
dilution. The solute molecules can then be thought of as 
completely surrounded by solvent molecules. Then, the solu­
tion, though non-ideal, may be considered as ideally dilute 
or infinitely dilute. In such a solution the escaping ten­
dency or fugacity is primarily a function of the intermole- 
cular forces between molecules of solute and solvent, and 
nearly independent of the interraolecular forces existing 
between solute molecules.
In the next section mathematical relations will be
7
developed which are applicable to the infinitely dilute 
solutions in the chromatographic column.
B. Mathematical Relations
Martin and Synge (21), Van Deemter and Klinkenberg (15) 
and others have developed an expression relating the retention 
volume of a solute to its partition coefficient for a theo­
retical plate model as follows:
(N-0
N
N - Denotes vessel MN"
G - Gas Phase
L - Liquid Phase
Y - Gas phase concentration, mol/unit volume G
X - Liquid phase concentration, mol/unit volume L
V - Volume of gas introduced in vessel.
The diagram represents three successive absorption vessels. 
A volatile solute is introduced into the first vessel, where it 
dissolves in a non-volatile liquid present in the vessel and 
exerts a vapor pressure above it. A constant flow of inert 
gas, not soluble in the liquid, is passed through the vessels 
and carries the vapors above the liquid from one vessel to 
another.
Assumptions
(1) The volume of inert gas phase and the volume of 
non-volatile liquid is the same in each vessel - these volumes 
remain constant during the absorption-desorption process.
(2) Each vessel acts as a theoretical plate. The gas 
and liquid phases are in equilibrium.
(3) The equilibrium may be written in the following form:
XL - KYe (i(H) n̂)
Where X, is the concentration of the solute in the liquid
phase of the vessel N, and Y is the concentration of
the solute in the inert gas phase of vessel N.
Writing the differential equation for the concentration
G-(M)
of mass around vessel N, the result is:
(2)
since <N) (N)






Solute is initially present in the first vessel only 
with a concentration of Y-» in the gas phase, and X, , 
in the liquid phase.
The solution of Equation (4) is:
The distribution obtained with continuous flow is of the 
Poisson type (14). For large values of N, the distribution 
may be approximated by a Gaussian type distribution. Klinken- 
berg and Sjenitzer (15) have shown that the ratio of the squares 
of the standard deviation (variance of the plug and continuous 





C ~  BINOMIAL Vo
Po»SST)N VG + KVU
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If the number of plates is n + 1 then:
V kH 
= ®  N!
is the equation for the elution curve and
_ tUN
XH =■ 6 ~ W  (6)
is the peak maximum which is reached at V = n.
This means that the maximum of the elution curve appears 
after N times the volume of each plate has passed through the 
column. This volume is and is called the retention volume. 
When (see Fig. 1)
VR = u  j VR =  TV. (V& + KVl) (7)
Average Column Pressure
f ^_ Jnx ©If.______  (8 )
■  - C «
where 1 = distance from column inlet
IT = total pressure 
7T = average pressure
dtT/dl. =  - I/<t>TT
where <f) = function of column area, permeability vis­
cosity of carrier gas. This is a proport­


















Substituting for dl in Equation (13) and integrating between 
TTji and 7TQ :
<TUAro)3 - l  (9)
"  T 7* Cm./Tro)*->
This is the expression derived by James and Martin (14) for 
a packed column.
C. Limitations and Scope of Model
The above equations may be applied only when the solute 
can be considered infinitely dilute and the equilibrium may 
be represented by Equation (1). The departure of polar solu­
tions from ideality results in asymmetric elution curves 
unless much smaller samples than can be readily measured are 
used. Values of retention volumes for systems departing from 
ideality have been obtained by various investigators (20 16 1). 
Deal, Stross, and Porter (24) have given an excellent treatment 
of the calculation of partition coefficients from asymmetric 
elution curves. Keulemans (14) states that if there is a 
great difference in the polarity of solute components, the 
partition coefficient is greater in the more concentrated 
portions of the'column than in the dilute portions. The 
measured retention volume will be greater than the true 
retention volume for zero concentration. It should be noted 
that these effects are appreciable in the first part of the
column only; they will become smaller as longer columns are 
used. For the measurement of accurate values of partition 
coefficients, the column should be of considerable length 
(> 5 feet).
Sample size may also influence the retention volume of 
the solute. For this reason, it is recommended that several 
experimental runs be made for each solute with decreasing 
sample sizes. The retention volume may then be obtained by 
plotting sample size versus retention volume of solute and 
extrapolating to zero sample size. Often, for very small 
samples (< 1 microliter) retention volume will be constant 
with the quantity of solute introduced into the column. In 
this case extrapolation is superfluous.
CHAPTER III 
THERMODYNAMICS OF CHROMATOGRAPHY
In studies of solution behavior using a gas chromato­
graph, the retention volumes are determined at constant 
pressure over a range of temperatures. This retention 
volume data alone is not sufficient to explain the non­
idealities of the solution. Expression of the deviations 
of solutions from ideality and the correlation of chromato­
graphic data can be accurately done by applying basic thermo­
dynamic principles to the theoretical plate model of the 
chromatographic column. In this manner, it is possible to 
minimize the experimental effort needed to arrive at definite 
conclusions. It is the purpose of this chapter to present 
thermodynamic functions and relations useful in analyzing 
chromatographic data.
The partition coefficient K (see Equation (1)) may be 
represented by:
K =  * N L / y N s
where = mols of stationary liquid per unit volume
N q, = mols of gas per unit volume.
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It follows from basic equilibrium relations at moderate pres­
sures that:
TC- = * / v  (10)yo p, T
P
Therefore
K  -  (jr A  *P P° (ii)
Assuming that Boyle's law applies to the gas phase, then:
Tr/ N & =  R T  (12)
Therefore
K = ( N vR T ) / y ; p °  (13)
To be more correct, P° should be replaced by ^ 0
K  =  ( N LR T ) / y / r  (14)
Where £° is the fugacLty of the component as a pure liquid
at the existing temperature and total pressure.
If the sample is small compared to the quantity of liquid
on the column packing, then the solute is infinitely dilute and




By differentiating at constant temperature and substituting
and combining Equation (15) and (16) with the definition of 
fugacity
= activity coefficient of component i at the tempera­
ture and pressure of the solution
= fugacity of component i in solution at the existing
temperature and pressure
ro
J- = fugacity of pure component i at the temperature and
pressure of the solution.







ST 'P,* R T
(21)





At constant pressure and composition
V a T  \ 3 t  / (24)
5)T K T 2- 'RTIL -RT*(25)
Where - H£ = Hm = partial molal excess enthalpy
of component i at the exist­
ing temperature and composition.
Now, from the theoretical plate concept of Martin and Synge
(21), the chromatographic column has been shown to obey the
relation V = VG + CTL
It should be noted Vr ° is independent of the number of plates 
and depends only on the solution, Vq and Vl «
Using Equation (1)
From the Clausius-Clapeyron equation for the relation of vapor 
pressure to temperature
K =  /* N L / y N a
then
JUv K =  NiPiT- }sru)!* - JhJP* (26)
+ constant (27)
Then from Equation (25) and (26)
J U K =  K A / l R ^  +■o
0)J^K — _ k»VAy _ x
R  R
(28)
and a / U K  o M  - r t  -
3 ( t )  *
(29)
For a chromatographic column, the above relation describes 
an absorption process where the solute moves from the gas 
to the liquid phase. Treating this process as an equilibrium 
process and using K as an equilibrium constant at the temper­
ature and average pressure of the column.
The activity coefficient of the solute at infinite dilution 
is related to the partial raolal excess free energy change by
According to the above relation, the departure from 
ideality may arise from excess enthalpy or excess entropy 
or a combination of both. The enthalpy term may be attri­
buted to the intermolecular forces between solvent and solute.
and
- -RT|U,K,





The excess entropy terra results from the inability of the 
solute, even at infinite dilution, to assume completely 
random orientations in solutions; due to size or shape of 
solute molecules.
For non-polar systems having only differences in size 
and shape of solvent and solute molecules, the departure 
from ideality arises from the entropy term. Non-ideality 
in polar solutions is due to the contribution of both the 
enthalpy and the entropy terms. Further, the departure is 
much greater for the case of polar materials than for non­
polar materials.
Studies of the effect of temperature on the activity 
coefficient are therefore necessary in order to correctly 
apportion the contribution of the excess enthalpy and en­
tropy to the non-ideality of solutions.
CHAPTER IV
CORRELATION OF ACTIVITY COEFFICIENTS 
AT INFINITE DILUTION
Correlations of thermodynamics properties have been 
useful chemical engineering tools for the past two decades.
It is the purpose of this section to show the historical 
development and the theoretical significance of the corre­
lation of the activity coefficient at infinite dilution with 
the molal volume of solute and solvent.
The treatment of vapor pressures of binary liquid mix­
tures by van Laar in 1906 (38) was based on the van der Waals 
equation of state for the mixture and the pure components.
van der Waals expressed the relation between a for the mix­
ture and a 1 and a2 for the components by
R T (33)
P - pressure 
V - volume 
T - temperature 
a,b- constants
(34)
where n = number of moles 




and for van der Waals "b"
constants from van der Waals equation 
for pure components.
The heat of mixing given by this treatment was
( 3 C)
Assuming that the interaction obeys the Berthelot relation
The above equations may be combined (11) and simplified to
Only when the assumptions involved in the van der Waals 
equation of state are strictly obeyed does the above equation 
yield reasonable results. For binary solutions where the 
molecules are non-spherical or polar; this treatment does 
not furnish even a good first approximation.
Lorenz and van Laar (11) in 1925 improved Equation (36) 
by substituting the pure component volumes for the constants 
bx and b2.
In 1931, Scatchard (31) derived an equation for the po­
tential energy or as he termed it ’’cohesive energy" for a 
mole of liquid mixture. His assumptions were:




distance between them and their relative orientations, 
not upon the temperature of the solution.
(3) The change in volume or mixing at constant pressure is 
zero. Even with these limitations, Scatchard's equation 
has been found to be the best available of general appli­
cability.
At. = potential energy of mixing 
= energy of vaporization 
\J = volume 
0  = volume fraction
It should be interesting to note that the equation above may 
also be obtained by integrating the intermolecular pair poten­
tials throughout the solution using one of the common distri­
bution functions. This has been done by several investigators 
including Wood and Hildebrand (11).
Now it has been shown that theoretical relationships exist 
between the volume of the pure components and the state func­
tions from purely theoretical arguments. Thus far, the 
limitations imposed by these theories have prevented the 
calculation of state functions using the preceding equation 
for either polar molecule or non-spherical molecules with any 
degree of reliability. It is the purpose of the following 
section to show that a semi-empirical treatment of experimental
(2) The distribution of the molecules is random.
(37)
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data results in a workable method which is free from the 
limitations on temperature, polarity and shape.
The relation between activity coefficient at infinite 
dilution and heat of mixing from Equation (25) is:
Z 3 j U 2 )  _  
\ -ar
It has been shown that Hx - H.4° is a function of the 
difference in molal volumes of the components of the solu­
tion for symmetrical, non-polar materials. Therefore
must also be a function of the difference often-VT- / the molal volumes of the components.
For infinitely dilute solutions, it is proposed that 
another term be added to account for the shape and polarity 
of the components. Further, it is proposed that this term
be composed of the pure component volume of the solute which
is infinitely dilute.
Now
( y r *  ~  $  ̂ ' ' /s'u f r E ) VS0Jjrt]l (38)
The relationship between molal volume of a pure liquid and 
temperature may be represented by a power series.
v = Ou + b T  * c T 2 * . , .
where
V = molal volume
a,b,c = constants fitted from experimental data.
24
The constants (a,b,c) are often tabulated in the literature 
(2,17,29,30,36) or they may be estimated from the critical 
properties of the pure components.
At constant pressure, the molal volume is a function 
of temperature only, for a pure component.
Therefore
In order to obtain the particular mathematical relation­
ship, experimental activity coefficients at infinite dilution 
would be correlated against the pure component volume of 
solutions composed of homologs. Example: several normal 
alcohols in normal paraffins. The resulting equations would 
be valid for all of the experimental data on alcohols and 
paraffins. The temperature dependence of the molal volumes 
of the pure components would be substituted into the equation. 
This expression would be differentiated with respect to 
temperature holding pressure and composition constant.
In order to illustrate this procedure, assume that the 
molal volume of the solvent obeys this relation.
(39)
d  +  b T  +  c J 2S o u / E V J T
and the molal volume of the solute
Vs6lote s. d -v eT + jJTsouV>TE
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Suppose the correlation of J!*4 in volume is of the form 
— — JL "I" rr̂ > MboLUTe + C VSaWE!Jir-\/StjLUTE}
then
J U Y  =  i + ^ L d +  e.T + ^ t zJ -v
nv,L(.a.-<0 + ( b - e ) T  + ( o - ; f ) T * ]  (40)
Differentiating with respect to T at constant pressure 
and composition and simplifying
/ \ _ nmt!L + Z r r * j T  + (b-c.) + (4i)
' a T
The variation of with temperature is dependent only
on the specific constants from the molal volume equation 
and the temperature. It should again be emphasized that 
simple equations would be valid for all of the experimental 
data on solutions of each particular class of hydrocarbon 
binary.
Prediction
For each solvent and solute pair, calculate the molal 
volume from published data, measure volume experimentally, 
or estimate from critical properties. Determine the de­
pendence of volume of the pure components on temperature. 
(Evaluate: V = (a + bT + cT2). Using the generalized
equations for Jta'T*, calculate the activity coefficient at
infinite dilution. Differentiate the equations for 
with respect to temperature and calculate V From
' B T  J





Data on the retention volumes for 101 binary systems 
were collected over a temperature range from 30°C. to 125°C. 
The following systems were investigated:
Solvent
n - Tetradecane 






















n - Tetracosane 





















From these data activity coefficients at infinite di­
lution were calculated. These systems were studied to in­
vestigate the effect of molecular size and structure on the 
deviations from ideality of members of a homologous series.
It was desired to determine, if possible, the effect of 
molecular size, structure and temperature on deviations 
from ideality expressed as activity coefficients at infinite 
dilution. The ultimate goal of vapor liquid equilibrium 
studies is to be able to estimate or predict the behavior of 
non-ideal solutions from contributional effects obtained 
from the properties of the pure components.
B. Experimental Methods
1. Preparation of Reagents
The following table is a summary of the reagents used 




n - Pentane a Spectrographic
n - Hexane a ii
n - Heptane a ti
n - Octane a n
2 - Methylbutane a,g i i
2,2- Dimethylbutane b,f Technical
Cyclopentane b, f i i
Methylcyclopentane b,f it
Me thylcyclohexane b, f it
Benzene g Fluorimetric
Toluene g i i
Ethylbenzene a Spectrographic
Paraxylene a i i
Methanol a ii
Ethanol a,e ti
Propanol - 1 a Spectrographic;
Butanol - 1 a Spectrographic
Pentanol - 1 a ii
Hexanol - 1 a ti







a. Matheson, Coleman and Bell 
Division of Matheson Company 
2909 Highland Avenue 
Cincinnati 12, Ohio
b. Phillips Petroleum Company 
Special Products Division 
Bartlesville, Oklahoma
c. Fischer Scientific Company 
633 Greenwich Street
New York 14, New York
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Code to Sources (cont'd)
d. Harshaw Chemical Company 
1945 East 97th Street 
Cleveland 6, Ohio
e. U. S. Industrial Chemicals Company 
99 Park Avenue
New York 6, New York
f. General Chemical Division 
~  Allied Chemical Corporation
40 Rector Street 
New York 6, New York
g. Hartmen-Leddon Company 
60th and Nordland Avenues 
Philadelphia 43, Pennsylvania
All of the technical and reagent grade materials were 
purified by distillation in either a thirty plate Oldershaw 
column or a three foot column packed with 3/32 inch stainless 
steel helices. No attempt was made to further purify the 
fluorimetric or spectrographic grade reagents. Distillation 
was carried out with a high reflux ratio of 20 to 1, giving 
an overhead product of high purity.
The operational procedure was to charge the still pot 
with the reagent and begin distillation while continually 
checking the overhead purity by measuring the refractive 
index. The overhead product was retained only when a con­
stant refractive index in close agreement with that of litera­
ture values was obtained. Of the original material charged 
to the still, approximately 25 percent was discarded in the
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first and last cuts. This product was collected and then 
redistilled, discarding the first and last fractions as 
before. Changes in refractive index upon the second dis­
tillation was so small that only two distillations were 
used for all solutes.
Venting the distillation column through a drying tube 
packed with "Drierite" protected the reagent from contami­
nation by atmospheric moisture. As a further check of purity, 
densities of these materials were measured with a pyknometer 
and compared to literature values.
The experimental values of density and refractive index 
are shown in Table 2.
Activity coefficients at infinite dilution were obtained 
from experimental chromatographic retention volumes. The 
apparatus used was essentially the same as that used by other 
investigators (1,3,10) and had been thoroughly evaluated in 
a previous project. This equipment is shown in Fig. 2.
Details of construction are illustrated in Fig. 3, 4, and 5.
The chromatograph is a Consolidated Electrodynamics 
Corporation model designed for high temperatures. This 
chromatograph consists of an analyzer and control units. 
Located in the control unit are the power input and distri­
bution systems, the carrier gas flow controlling and metering 
system, and the thermal conductivity circuit controls. The
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TABLE II
PHYSICAL PROPERTIES OF THE REAGENTS
Name nD20 (grams/c.c. @25°C.)
n - Pentane 1.35739 .6214
n - Hexane 1.37481 .6548
n - Heptane 1.38752 .6795
n - Octane 1.39738 .6986
2 - Methylbutane 1.35364 .6147
2,2 - Dimethylbutane1.37481 .6571
Cyclopentane 1.40629 .7405
Methylcyclopentane 1.40959 .7440







Propanol - 1 1.38538 .8035*
Butanol - 1 1.39924 .8058
Pentanol - 1 1.40986 .8076**
Hexanol - 1 1.41785 .8020**
Heptanol - 1 1.42403 .8239*
Octanol - 1 1.42916 .8219**
Acetone 1.35876 .7850
Methylethyl Ketone 1.38002*** .8090
Methylpropyl Ketone 1.38951 .8015










analyzer contains a sample introduction part, sample vapo­
rizer, thermostatted oven and a thermal conductivity detector.
A Leeds and Northrup 10-millivolt potentiometer recorder 
was connected to the output from the thermal conductivity 
bridge. This recorder is equipped with a variable speed drive.
Pressures were measured by standard mercury barometers.
Calibrated chrome1-constantan thermocouples were used to 
measure temperature. These thermocouples were calibrated 
with the aid of a Cotrell vapor pressure apparatus (Fig. 8) 
equipped with a cartesian manostat and surge bottle for pres­
sure regulation.
The thermocouple cold junction was maintained by melting 
ice in a Dewar flask. The generated e.m.f. from the oven 
thermocouples was measured with a Leeds and Northrup type K 
potentiometer in conjunction with a Leeds and Northrup D.C.
Null meter. This system was capable of detecting a voltage 
change of 0.001 millivolts which, for the thermocouple used 
corresponds to a temperature change of approximately 0.03°C. 
or less.
Flow rates of helium carrier gas were measured with a 
rotameter and a soap film flowmeter. A diagram of the flow­
meter is shown in Fig. 5.
In addition to the recorder, an auxiliary timer was pro­
vided for checking flow rates of carrier gas, retention times, 
etc.
FIGURE 3 
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FIGURE 4
SCHEMATIC DIAGRAM OF GAS CHROMATOGRAPH
FIGURE 5 




















Helium was supplied from a standard sixty cubic feet 
cylinder. A Matheson diaphragm type regulator controlled 
the pressure of the gas supplied to the system.
The stationary liquid phase was dissolved in light 
petroleum ether. This solution was then added to a known 
amount of chromasorb in a beaker and the solvent was then 
removed by gently warming the slurry over a water bath, with 
continuous stirring. Finally the stationary phase was heated 
to 100°Co under a reduced pressure of 10mm Hg for approxi­
mately one hour in order to remove the last traces of solvent. 
The quantity of liquid solvent on the inert support was main­
tained at 20 percent for all runs. Several weighings of the 
liquid solvent were made before and after addition of the 
chromasorb to insure that all of the solvent had been removed.
The columns used were 10 foot coils made from 1/4 inch 
copper tubing. Packing was carried out by vibrating the 
columns. Packing densities ranged from 0.27 to 0.35 g/ml 
depending on the grade of chromasorb used. The weight of 
stationary phase was obtained correct to the second decimal 
place by weighing the columns before and after packing.
A diagram of the flow system is shown in Fig. 4« Helium 
leaves the cylinder via the regulator at a pressure of 50 lb/ 
in2, and passes into the pressure controller of the chromato­
graph. The pressure of the exit gas from the controller is
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adjusted to approximately twenty pounds per square inch. From 
the pressure controller, the carrier gas passes through a cali­
brated rotameter and then to the reference detectors of the 
thermal conductivity cell. Helium exiting from the thermal 
conductivity cell is passed through the sample vaporizer and 
then through the column. The pressure of the exhaust gas 
from the column is measured and the helium then flows through 
the soap film flow meter.
C. Experimental Procedure - Measurement of Retention Volumes.
The operating procedure of the gas chromatograph is the 
vaporization of a liquid sample, the introduction of the vapo­
rized sample into a stream of inert carrier gas and the meas­
urement of the time required for the sample to elude through 
the chromatographic column. The retention times are then 
converted to retention volumes.
In a typical run, the flow rate of inert carrier gas is 
regulated to the desired value with the aid of the timer and 
soap film flowmeter.
The power supply is adjusted to supply the correct quan­
tity of heat to the oven to maintain constant temperature.
After the oven temperature has stabilized the flow rate of 
carrier gas is regulated to exactly 60 milliliters per minute. 
The unit is then operated for one hour after steady state 
conditions have been reached. During this period, oven
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temperatures, drift of the recorder, and carrier gas flow 
rate are checked constantly.
A sample of solute is injected with a microliter sy­
ringe into the column. As the sample is injected, the elec­
trical timer is actuated and the recorder chart marked.
The sample is injected into the column as quickly as possible 
to minimize air leaks through the sample valve. Immediately 
following injection, the sample valve was plugged as an added 
precaution against leakage.
After a short period depending on the absorption and 
desorption of the solute, the sample will elude from the 
column. This is evidenced by the appearance of a peak on 
the recorder chart. The time increment between injection 
and elution is measured on the chart and compared to that 
obtained from the electrical timer. The measured retention 
time is the converted to retention volume. This same pro­
cedure was also used to determine the retention volumes 
of inert gas (air) samples.
Using successively decreasing volumes of samples, the 
above procedure was repeated until the retention time for a 
sample remained constant. The largest initial sample charged 
to the column was 1 microliter.
Immediately following the run, the carrier gas flow rate, 
column temperature, and recorder drift were checked.
The following measured variables were recorded
(1) Column temperature
(2) Sample size
(3) Carrier gas flow rate
(4) Inert gas (air) retention time
(5) Sample retention time.
(6) Speed of the recorder chart
(7) Inlet and outlet column pressures
(8) Temperature of soap film flowmeter
(9) Attenuation of the recorder
CHAPTER VI
RESULTS
The coefficients for the equation
J^lfj -  ^ 3 (vs-v) + ft4 (v)1 * A s(\ys-v)z+
a ^ t ) + m ^ )  (42>
are tabulated in the following table:
Ketones in n-Tetradecane 
A, = 1.8688867 A+ = 0 A7 = 0
A 2 = 0.01226097 A5 = 0 A = 0
A3 =143.5882 Afe = -0.1678415
Ketones in n-Hexadecane 
A, = -10.40223 A. = -170668.0 A , A =01 “T 7 8
A2 = 5333.87 A& = 215178.0
A l  = -4898.808 A t = -0.0166117
Ketones in n-Eicosane 
A, = -26.97192 A^ • = 58569. A?, Ag = 0
A2 = 2250.180 As =-165530.
A3 = 159.900 Afc = 0.654434
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Ketones in n-Tetracosane 
A, = 3.684508 A4 = 30478
A2 = -110.600 A5 = -17016
A3 = -268.051 Afe = -0.014637
s
Alcohols in n-Tetradecane
A, = -25.698 A+ = -2408.80 A7
A2 = 6530.16 A& 0 A r
Aa =-6298.657 A4 = 0.051818
Alcohols in n-Hexadecane
A, = -25.17723 A+ = 203.43 A7
A z = 7605.26 As = 0 A^
A3 = -7494.47 Afe = 0.04868
Alcohols in n-Eicosane
A* = -26.76926 A+ = 2845.20 A7
A2 = 9713.08 Ab =-4900 Ag
A3 = -9536.58 At = 0.067613
Alcohols in n-Tetracosane
A t = 1.5865624 A4 = -7629.48 A7
Aa = 2317.37 A5 = 16574.10 A Q










The values the coefficients for the expression ( —■3T
may be obtained by substituting the temperature de­
pendence of the volume of the solute and solvent for V and Vg 
respectively, may also be obtained from the above table.
Results for the activity coefficient at infinite dilution; 
excess enthalpy, free energy and entropy; and the partition 
coefficient are shown in Tables III through XXVII. The values 
for thermodynamic properties other than the activity coeffi­
cient have not been tabulated for normal paraffins, aromatic 
and cyclic compounds due to the small variation of the acti­
vity coefficient with temperature. In these materials, the 
excess enthalpy of mixing is nearly zero and the entropy and 
free energy may be calculated from the partition coefficient 
and the temperature of the system.
Figures (9, 10) show the variation of the logarithm of 
the activity coefficient with the reciprocal of the absolute 
temperature for an alcohol and a ketone family. All of the 
alcohol and ketone activity coefficients exhibit similar 
behavior. These plots are illustrative and are not presented 
for the purpose of obtaining activity coefficients directly.


















2.202.60 2.403.00 2.803.40 3.20
FIGURE 9, Activity Coefficient versus Reciprocal of Absolute Temperature (°K) 
For Alcohols in n-Tetradecane
Please Note: 
Filmed as





D - Chart distance, inches
K - Partition coefficient
*; - activity coefficient at infinite dilution
- excess enthalpy of mixing - KCal/gram mole
- excess free energy of mixing - KCal/gram mole
















Key to Tables (cont'd)
p - Propanol - 1
Q - Butanol - 1
R - Pentanol - 1
S - Hexanol - 1
AA - Acetone
BB - Butanone
CC - Pentanone - 2
DD - Pentanone - 3














0 . 6 9 2
0 . 9 2 2
0 . 9 2 8
0 . 7 3 8
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TABLE IV
ACTIVITY COEFFICIENTS OF VARIOUS HYDROCARBONS
IN n-HEXADECANE
Column Temperature: 60°C.
d u t e
V
A 0 . 8 7 1
8 0 . 8 7 8
C 0 . 8 8 8
F 0 . 9 0 0
G 0 . 9 1 0
H 0 . 7 1 7
I 0 . 7 6 6
J 0 • 7 4 2
K 0 . 7 6 2
L 0 . 8 9 4
M 0 . 8 9 0
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TABLE V





A 0 . 7 0 8
B 0 . 7 1 8
C 0 . 7 2 5
D 0 . 7 4 1
r 0 . 7 2 5
G 0 . 7 5 1
H 0 . 5 6 3
I 0 .  6 0 8
J 0 . 5 8 1
K 0 »o 0 2
L 0 . 6 4 0
M 0 . 6 3 9
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TABLE VI
ACTIVITY COEFFICIENTS OF VARIOUS HYDROCARBONS
IN n-TZTRACOSANE
Column Temperature: 80°C. 105°C.
A 0 . 7 3 9 0 . 7 4 0
B 0 . 7 2 9 0 . 7 2 9
C 0 . 7 3 0 0 . 7 2 9
D 0 . 7 3 9 0 . 7 2 9
F 0 . 7 2 9 0 . 7 2 9
G 0 . 7 6 1 0 . 7 7 1
H 0 . 5 3 2 0 . 5 7 0
I 0 . 6 1 2 0 . 6 1 9
J 0 . too2 0 . 5 7 1
K C . 6 0 2 0 . 5 8 2
L 0 . 6 3 0 0 . 6 0 0
M 0 . 6 4 0 0 . 6 2 0
X 0 . 6 8 7 0 . 6 6  1
u 0 .  6 3 0 0 . 6 2 9
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TABLE VII
ACTIVITY COEFFICIENTS OF VA 10US HYDROCARBONS
IN n-PENTATRlA30TANE
C c lunin Te mp e ra tur e: 80 ° C . 105
V° \ /  °Solute
%
A 0 * 6 1 8 0 * 6 1  8
B 0 . 6 1 0 0 . 6 2  0
C 0 * 6 3 1 0 . 6 3 0
D 0 . 6 5 2 0 . 6 4 2
F 0 « 6 2  0 ■ 0 * 6 2 0
G 0 • 6 4  1 0 . 6 4  1
H 0 . 4 8  0 0 . 4 6  1
I 0 . 5 0 0 0 . 5 0 0
J 0 . 4 8 2 0 . 4 6 3
!< 0 . 5 0 0 0 . 4 9 0
L 0 . 5 1 1 0 . 4 9 0
M 0 • 5 2 2 0 . 5 0 0
X 0 « 5 5 9 0 .  5 5  1
u 0 . 5 2 1 0 . 5 2 1
TABLE VIII
TKERKODYNAEIC PROPERTIES OF ALCOHOLS AND KETONES
IN n-TETRADECAN2
lolurnn Temperature: 30°C.
iolute V IC A G m m V S™~  m
65.90 l . u .06 -13.79 -.04
0 36 .80 3.94 .83 -11.09 -.03
P 31.00 1 3.30 1 .56 -9. 06 -.03
o 2e .50 42.24 2 .25 -8. 08 -.02
R 27.50 75.58 2.61 -8.21 -.02
AA 6.03 6.67 1.14 -.07 0.00
BB 4 .61 2 1 .75 1 .85 -.16 0.00
CC 4.18 55 .70 2.42 -.27 0.00




THERLODYNAEIC PROPERTIES OF ALCOHOLS AND KETONES 
IN n - TE TRADECANE
Column Temperature: 60°C.
Solute
% K AC-m AH,rm b. sm
7vT 2 4  . 5 0 . 8 1 " # 1 J - 1 7 . 3 2 -  • 0 5
0 1 4 . 8 0 2 . 3 4 • 5 6 - 1 3 . 0 9 - . 0 3
p 1 2 . 8 0 6 . 4 1 1 . 2 3 - 9 . 5 3 - . 0 2
Q 1 2 . 1 0 1 7 . 0 6 1 . 8 8 - 1 0 . 2 2 - . 0 3
R 1 1 . 7 0 3 0 . 6 8 2 . 2 7 - 1 0 . 9 1 - . 0 3
S 1 1 . 5 0 1 0 1 . 2 6 3 . 0 6 - 8 . 7 1 - . 0 2
AA 4 . 4 0 3 . 2 2 . 7 7 - . 1 0 0 . 0 0
LB 3 . 4 0 9 . 2 1 1 . 4 7 - . 2 3 0 . 0 0
CC 3 . 1 0 2 2 . 3 1 2 . 0 6 - . 3 6 0 . 0 0
DD 2 . 5 3 2 7 . 1 3 2 . 1 8 — • 3 6 0 . 0 0
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Ta2L3 X
ZEXODYHAHIC PROPERTIES OF ALCOHOLS AMD KETONES
Ii: n-TETRADIJCAl'IE
Column Temperature : 60°C.
^C iU T iS \,<9 K A GID A H m ASm
N 1 4 . 4 0 . 7 3 - . 2  1 - 1 9 . 9 5 - . 0 5
0 9 . 2 0 1 . 7 7 . 4 0 - 1 4 . 4 8 - . 0 4
P 3 .  1 ci 4 . 3 6 1 . 0 2 - 1 0 . 7 0 - . 0 2
/+■'<1 7 . 7 2 1 0 . 5 3 1 . 6 5 - 1 1 . 3 2 - . 0 3
R 7 . 5 3 1 3 .  5 5 2 . 0 5 - 1 2 . 9 9 - . 0 3
S 7 . 5 0 5 3 . 6 4 2 . 7 9 - 9 . 7 5 - . 0 2
T 7 . 4 6 1 1 0 . 6 3 o .  0 - 1 6 . 9 1 - . 0 4
AA 3 . 7 1 2 . 2 4 . 5 7 - . 1 4 0 . 0 0
53 2 . 3 3 6 . 0  1 1 . 2 6 - . 2 8 0 . 0 0
CC 2 . 6 4 1 3 . 7 6 r  . 3 4 — . 4 5 0 . 0 0
DD 2 . 1 8 1 o .  3 0 1 . 9 6 - . 4 4 0 . 0 0
TAB 1*2 XX
t:hiZRIiCDYNAillC PRO PER!12S Oo$MC=«o HOLS AND KETONES
IN n-TZTRADI,CAN2
Column Temperature : 105°C.
Solute ¥ K m k Sm
N 8.4 1 . 55 - .44 -2 1.70 -.05
0 5 • 32 1 .22 . 1 5 -15.10 -.02
P 5.14 2.63 . 74 -12.27 -.03
Q, 4.91 6. 03 1 ■ 35 - 14.02 -.03
R 4 .32 1 0.22 1 .75 -15.92 -.04
S 4 .78 25.9 1 2 .45 -11.13 -.02
T 4.76 55.92 3.02 -22.54 — • 05
Y 4 . 7 t* 118.26 3 .59 -31.69 -.08
AA 3.03 1 .45 .26 -.19 O.CO
23 2.43 3.57 .96 -.37 0.00
CC 2.29 - 7.40 1 .50 -.57 0.00
DJ 1 .87 3.94 1 .65 — * tD o 0.00
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TABLE XII
rn* *I n ERLCDYNALIC PRCPERTIES OF ALCCHOLS AND KETONES
III n- TETRADE CAKE
iclurnn Temperature : 125°C.
iolute v ; K m &  s m
i'i 5 . 8 1 . 4  1 -  . 6 9 - 2 6 . 7 5 —. 0 6
0 4 . 2 3 . 9 1 — . 0 6 -  1 7 . 7 6 - . 0 4
■DJ. 3  • 8 3 1 . 5 4 . 4 8 -  1 3 . 6 0 — • 0 3
Q 3 . 6 7 3 .  8 9 1 . 0 8 —1 5 . 9 5 - . 0 3
R 3 . 5 9 6 . 4 0 1 . 4 7 - I B . 5 5 - . 0 4
S 3 . 5 5 1 5 . 9 9 2 . 1 9 -  1 2 . 2 8 - . 0 2
T 3 . 5 3 2 7 . 4 4 2 o 6 2 - 2 7 . 6 4 - . 0 6
V 3 . 5 1 6 1 . 3 5 3 . 2 6 —3 8 * 8 1 - . 0 9
AA 2 . 7 3 1 . 0 5 . 04 “  o TO 0 . 0 0
3 B 2 . 1 5 £i . 4S . 7 2 j 0 . 0 0
CC 1 . 9 7 4 . 9 5 1 . 2 6 - . 7 0 0 . 0 0
DD 1 . 6 8 5 . 8 5 1 . 4 0 - . 6 8 o.oo
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TABLE XIII
TKERHODYNAVIC PROPERTIES OF ALCOHOLS AND ICE TON IS
Ii'j u—ri4.XADE
Column Temperature : 30°C.
Solute V K k K m
N 6 2 . 4 0 1 . 1 2 . 0 7 -  1 6 . 6 1 — . 0 5
0 3 3 . 7 0 4 . 1 3 . 6 5 - 1 3 . 3 5 - . 0 4
p 2 9 . 9 0 1 3 . 2 1 1 . 5 5 - 1 0 . 9 5 - . 0 3
Q, 2 7 . 4 0 4 2 . 1 0 2 . 2 5 - 9 . 8 2 - . 0 3
R 2 6 .  1 0 7 6 . 3 1 2 . 6 1 -  1 0 . 0 0 - . 0 3
AA 5 . 7 7 6 .  6S 1 . 1 4 — 2 * 2 6 0 . 0 0
5B 3 . 9 6 2 4 . 2 6 1 . 9 2 - 4 . 3 3 - . 0  1
CC 3 . 7 6 5 9 .  34 2 . 4 6 - 5 . 3 9 -.0 1
DD 3 . 4  1 7 0 . 3 2 2 . 5 6 — 5 * 4 0 -.0 1
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TABLE XIV
THHRkODYHAi-II C PROPERTIES C? ALCOHOLS AND KETONES 
IK n-KEXADECAl‘IE
Column Temperature: 60°C.
Solute K A-Gvj • 1 a
K 2 3 .  2C . 3 2 - . 1 2 —2 0 * 6 6 - . 0 6
0 1 3 . 5 0 2 . 4 6 . 6 0 -  1 5 . 7 9 - . 0 4
? 1 1 . 6 0 6 » 6 7 1 .36 - 1 1 . 1 1 - . 0 3
Q 1 1 . 2 0 1 7 . 5 5 1 . 9 0 -  1 2 . 4 2 - . 0 3
R 1 1 . 1 0 3 1 . 0 1 2 . 2 7 - 1 3 . 3 1 - . 0 3
S 1 1 . 1 0 1 0 1 . 0 6 3 . 0 6 -  1 0 . 3 0 - . 0 3
AA 4 . 2 0 o . 2 ^ . 7 3 - 3 . 7 4 0 . 0 0
B3 2 . 9 1 1 0 . 3 1 1 . Vi ̂ - 5 . 9 5 - . 0  1
CC 2 . 7 6 o•aj 2.10 - 7 . 3 7 - . 0  1
DD 2 • 3 5 2 S . 0  1 2 . 2 1 - 7 . 2 2 - . 0  1
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TABLE XV
TKIiL'Rl-.ODYl-IAi'H C PROPERTIES OF ALOGHOLS AND iCSTOICS
IN n~HZXADi CANE
Column Temperature : 80cC.
Solute 4° K
N 13.70 .71 - . 23 -24.03 — •06
0 8 * 62 1 .76 .40 -17.49 -.04
P 7.70 4 .25 1 .02 - 12.44 -.03
n, 7.26 10.31 1 .64 -14.38 -.03
E 7.18 1 8.05 2 . 03 — 15.66 -.04
cuj 7.14 51.91 2 .77 - 1 1.52 -.03
T 7.10 107.10 3 .28 -20 * 95 -.05
i'Li'm 3 . 57 2.15 .54 -5. 04 -.0 1
EB 2 . 48 6.43 1.21 -7.26 -.01
cc 2.34 1 4.30 1.87 -8.97 -.02
ED 2.02 16.21 1 .95 — 8 • 86 -.02
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TABLE XVI
THERHCDYHAEIC P R O PERTIES OF ALCOHOLS Ai'ID KE T O B E S  
IE n-H E X A D E C A N E
Column Temperature : 10 5 ° C.
Solute ' V K A. C-rn m
 ̂V 7.91 • " # 4 6 -28.41 -.07
0 5 • 38 1 .22 1• I —* -19.70 — •05
P 4.31 2.64 .73 -14.24 -.03
r\si 4 .72 5.73 1 . 32 -17.09 -.04
’ R 4.64 9.79 1 .71 -19.47 -.04
S 4 .6C 24 • B3 2.4 1 -13.14 -.03
T 4 .58 53.59 2 . 9 9 - 2 7 . 9 9 - . 0 7
V 4 . 5 6 1 1 3 . 5 3 v R; fRi - 3 9 . 7 4 -.10
A A 3 . 0 0 1 . 37 A.* C. *“*■ -  7 .  C 9 -.0 1
BB 2 . 1 8 3.67 . 9 6 - 9 . 2 0 -.02
, : c 1 . 9 a 7. 39 1 . 5 5 - 1 1 . 3 3 -.02
ijD 1 . 6 6 9 . 1 8 1 . 6 7 - 1 1 . 1 2 -.02
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TA3LE XVII
THERXCDYHAXIC PROPERTIES OF ALCOHOLS Al'JD KETCHES 
IK n-HEXADHCAHE
olunm Temperature: 125°C.
olute V A /\ ri VJ_m
H 5 • 3 8 . 3 9 - . 7 4 - 3 2 . 2 4
0 3 . 3 6 . 6 7 - . 1 0 - 2 1 . 5 1
P 3 . 5 1 1 . 7 4 . 4 4 —1 5 * 7 6
Q, 3 . 2 0 3 . 6 7 1 . 0 7 - 1 9 . 4 7
. u j  « 1 2 6 . 3 8 1 . 4 7 - 2 2 . 7 0
rjZj 3 . 0 9 1 5 . 9 2 2 . 1 9 - 1 4 . 5 0
3 . 0 7 2 7 . 3 5 2 . 6 2 - 3 4 . 4 2
Y 3 * 0 5 61 . 2 0 3 . 2 5 - 4 3 . 5 7
JL& 2 . 6 7 » 9 3 — .Ox; - 9 . 1 4
tj'c: 1 . 5 7 ^ .  4 / . 7 1 - 1 1 . 0 1
cc 1 • 7 ci 4 . 7 5 1 . 2 3 - 1 3 *  8 5
DD 1 . 5 3 5 . 5 7 1 . 3 6 - 1 3 . 2 3
- . 0 7  
-  .  0 5  
- . 0 3  
- . 0 4  
- . 0 5  
- . 0 3  
-.08 
- . 1 1  
- . 0  1 
-.02 








N 5 2 . 3 0 . 9 6 -  . 0 2 - 2 1 . 8 9 - . 0 7
0 3 0 . 1 0 3 .  3 0 . 7 2 - 1 7 . 5 7 — . 0 5
p 2 5 • *3 0 ' 1 1 . 1 5 1 , 4 5 - 1 4 . 4 2 - . 0 4
2 3 . 6 0 3 4 . 6 1 2 .  1 j - 1 2 . 9 2 - . 0 4
R 2 3 . 2 0 6 1 . 3 1 2 . 4 6 - 1 3 . 1 1 -  . 0 4
AA 4 . 9 7 5 . 5 4 1 . 0 3 - 1 0 . 3 8 - . 0 3
EE 3 . 8 4 1 7 .  8 7 1 . 7 4  . - 7 . 7 3 - . 0 2
o o 3 . 4 2 4 6 . 5 9 2 , 3 1 — 5  . 8 8 - . 0 1
ED 2 . 9 9 5 7 . 2 6 2 . 4 4 - 6 . 0 3 • - . 0 1
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TABLE XIX





h IC & G w um & K,
’ T 1 9 . 2 0 . 7  1 -  . 2 2 - 2 7 . 4 5 - . os
c 1 2 . 2 0 1 . 9 5 . 4 4 - 2 0 . 7 7 -  • 0 6
p 1 0 . 3 o 5 . 4 2 1 . 1 2 - 1 4 . 7 0 -  . 0 4
S. 1 0 . 2 0 i 3 . e 7 1 . 7 4 —1 6 * 3 2 - . 0 4
R 1 0 .  Ob 2 4 . 5 0 2 . 1 2 - 1 7 . 3 9 - . 0 5
3 9 . 9 2 oO . 4 4 2 . 9 0 - 1 3 . 1 4 - . 0 3
----- 3 .  4 6 2. SC .68 - 1 2 . 8 4 - . 0 3
BB 2 . 7 4 7 .  8 3 1 . 3 6 — 9 . 3 6 -.02
CC 2.51 1 8 . as 1 .95 - 7 . 3 1 -.0 1
DD 2.21 2 1 .28 2 . 02 - 7 . 9 6 -.02
20*- 
2 0 * —  
20 • - 
£ 0 •  —  
2 0 * -  
20 • - 
90*- 






0 9 * 0 ! -  
09* <7 I - 
•>76 * 92-
0<7* <7 I - 
69* 02- 
29*91— 
<7 <7*9 I “ 
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THLRLODYNAHIC PROPERTIES OF ALCOHOLS AND KETONES 
IN n-£IC0SAN2
Column Temperature: 105°C.
Solute X K. *  a *. & m
N 6.81 .4e — § o 5 -37.31
0 4 .84 1 . 04 .03 -25.91
P 4.14 2.35 .64 - 17.66
Q 2.94 5.31 1 .25 — 22.39
R 3.91 8. 90 1 .64 -25.34
S 3.88 22 . 55 2.34 . -16.14
rp 3 .85 48.84 2 .92 -35.86
V 0.53 103.6G 3.49 -49.93
AA 2.26 1 . 39 .25 -16.90
E3 1 .97 3.11 .35 -1 1 .98
CC 1 .78 6.72 1 .43 -9.65




















N 4 . 8 2 . 3 5
0 3 . 5 3 . 7 6
? 3 . 0 3 1 . 6 2
Q 2 . 9 3 3 . 3 9
R 2 . 8 8 5 . 5 3
S 2  . 8 5 1 3 . 8 3
T 2 . 8 3 2 3 . 7 6
Y 2 . 8 2 5 3 .  0 1
AA 1 . 9 3 1 . 0 3
B3 1 . 6 7 2 . 2 1
CC 1 . 5 8 4 . 2 8
DD 1 . 4 4 4 . 7 4
k Cl­in Mi m m
— . 8 3 - 4 2 . 3 2 - . 1 0
- . 2 1 - 2 8 . 3 0 - . 0 6
. 3 8 -  1 9 . 5 5 - . 0 4
. 9 7 - 2 5 . 4 8 - . 0 6
1 . 3 5 - 2 9 . 4 9 - . 0 7
2 . 0 8 - 1 7 . 8 0 -  .  0 4
2 . 5 1 - 4 3 . 9 6 - .  1 0
3 . 1 4 — 6 0  * 3 5 - .  1 4
. 0 2 - 1 8 . 7 8 - . 0 4
. 6 3 - 1 3 . 1 9 - . 0 2
1 . 1 5 - 1 0 . 7 3 - . 0 2
1 . 2 3 -  1 0 . 7 5 - . 0 2
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TABLE XXIII
THERMODYNAMIC PROPERTIES OP ALCOHOLS AND KETONES 
IN n-TETRACOSANE
Column Temperature: 30°C.
Solute V X L S
N 4 4  . 8 0 . 8 3 - . 1 0 - 4 . 7 4 - . 0 1
0 2 4 . 8 0 2 . 9 8 . 6 6 - 4  . 8 8 - . 0  1
P 21 . 2 0 9 . 9 2 1 . 3 8 - 4 . 7 6 - . 0  1
Q 2 0 . 2 0 3 0 . 4 0 2 . 0 6 - 4  . 4 5 - . 0 1
R 2 0 . 0 0 5 3 . 0 1 2  . 3 9 - 4 . 0 0 - . 0  1
AA 4 . 0 3 5 . 0 9 . 9 8 - 3 . 5 2 o.oo
BB 3 . 1 7 1 6 . 1 3 1 . 6 7 - 3 . 7 7 o.oo
CC 2 . 8 6 4 1 . 5 3 2 . 2 4 - 4 . 2 4  • - . 0 1
DD 2 . 4 0 51 . 2 6 2 . 3 7 - 4 . 2 3 - . 0  1
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TABLE XXIV
THERMODYNAMIC PROPERTIES OF ALCOHOLS AND KETCHES 
IN n-TETRACOSANE
Column Temperature: 60°C.
Solute ¥ IC AGm ■ ^ sm
N 1 5 . 3 0 . 6 1 - . 3 2 -  1 2 . 5 4 - . 0 3
0 9 . 6 0 1 . 7 0 . 3 5 -.1 3 . 0 8 - . 0 3
P 0 . 4 0 4 . 6 0 1 . 0 1 - 1 2 . 7 4 - . 0 3
0, 0 . 1 5 1 1 . 9 2 1 . 6 4 -  1 1 . 8 2 - . 0 3
. R 8 . 1 0 2 0 . 0 5 2 . 0  1 - 1 0 . 4 3 - . 0 3
S 8 . 0 0 6 7 . 8 0 2 . 7 9 - 8 . 6 8 - . 0 2
AA 2 . 7 4 2 . 4 3 . 5 9 - 6 . 9 5 - . 0  1
BB 2 . 2 3 6 . 6 0 1 . 2 5 - 7 . 0 0 - . 0 1
CC 2 . 0 5 1 5 . 0 7 1 . 0 3 - 7 . 5 2 - . 0  1
DD 1 . 7 8 1 8 . 1 4 1 . 9 2 - 7 . 4 9 - . 0 1
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TABLE XXV
THERMODYNAMIC PROPERTIES OF ALCOHOLS AND KETONES 
IN n- TETRACOSANE
Column Temperature: 80°C.
Solute V K m
N 8 . 9 8 . 5 0 - . 4 8 - 1 9 . 2 5 — • 0 5
0 5 . 8 3 1 . 2 0 . 1 3 - 2 0 . 0 8 - . 0 5
P 5 . 3 1 2 . 8 5 . 7 3 - 1 9 . 5 7 - . 0 5
Q 5 . 1 1 6 . 7 6 1 . 3 4 - 1 8 . 1 0 - . 0 4
R 5 . 0 6 1 1 . 8 1 1 . 7 3 - 1 6 . 0 4 - . 0 4
S 5 . 0 4 3 3 . 9 3 2 . 4 7 - 1 3 . 4 2 - . 0 3
mX 5 . 0 3 6 9 . 7 5 2 . 9 8 - 1 0 . 0 9 - . 0 2
AA 2 . 2 4 1 . 5 8 . 3 2 - 9 . 8 1 - . 0 2
EB 1 . 8 6 3 . 9 5 . 9 6 - 9 . 7 1 - . 0 2
CC 1 . 7 2 8 . 9 8 1 . 5 4 - 1 0 . 2 9 - . 0 2
DD 1 . 5 2 9 . 9 4 1 . 6 1 - 1 0 . 2 4 - . 0 2
75
TABLE XXVI
THERMODYNAMIC PROPERTIES OF ALCOHOLS AMD KETONES 
IN n-TETRACOSANE
Column Temperature: 105°C.
Solute K & G AHmm “ m
N 4 . 4 0 . 3 4 - . 7 9 - 2 9 . 5 3 - . 0 7
0 3 . 0 6 . 7 7 - . 1 9 - 3 0 . 7 4 - . 0 7
P 2 . 9 0 1 . 5 7 . 3 4 - 3 0 . 0 0 - . 0 7
Q 2 . 8 2 3 . 4 7 . 9 3 - 2 7 . 8 7 - . 0 7
R 2 . 7 7 5 . 8 7 1 . 3 3 - 2 4 . 7 1 - . 0 6
S 2 . 7 5 1 4 . 8 8 2 . 0 3 - 2 1 . 2 1 - . 0 5
T 2 . 7 3 3 6 .  1 5 2 . 7 0 - 1 5 . 9 1 - . 0 3
Y 2 . 7 1 6 8 . 4 7 3 . 1 8 - 9 . 3 2 - . 0 2
AA 1 . 8 1 . 8 1 - . 1 4 - 1 4 . 1 4 - . 0 3
BB 1 . 5 3 1 . 8 7 . 4 7 - 1 3 . 8 5 - . 0 3
CC 1 . 4 4 3 . 8 9 1 . 0 2 - 1 4 . 5 5 - . 0 3
DD 1 . 2 8 4 . 3 2 1 . 1 0 - 1 4 . 4 5 - . 0 3
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TABLE XXVII







ft 2.39 1 .32




AA 1 .57 .40
BB 1.3 3 .88
CC 1 .26 1 .70
DD 1.13 1.91
* 3 *





1 .36 -29.36 -.07
1 .75 -22. 1 1 -.05








Estimation of the experimental error involved in the 
determination of retention volumes from the chromatograph 
was made by measuring the retention volumes for ten solute 
samples at constant temperature and pressure in the same 
solvent. For pentanol - 1 in n-Eicosane at 60°C.






Average value of Vg ° = 176.4 cubic centimeters.
The maximum percent error is
l 7-6-*g I 7.6--.4. . x ioo = 0.227c
176.4
The maximum deviation of the activity coefficients at 
infinite dilution calculated from Equation 42 from those ob­
tained experimentally was 4.27,. The average deviation was 
found to be 2.87,. It should be emphasized that any errors
77
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in the tabulated temperature coefficients used in calculating 
molal volumes would contribute greatly to the deviation of 
predicted activity coefficients at infinite dilution, for it 
is here that the greatest sensitivity to error arises.
Another statement may be made concerning errors. If the 
deviations of the predicted values from experimental values 
resulted in a large algebraic average error, then it might 
be said that the prediction is biased. The fact that the 
algebraic error is only 2.8% is indicative of the lack of 
bias in the prediction.
(2) General Usefulness of the Method for Predicting
Activity Coefficients at Infinite Dilution.
The method presented here for predicting activity 
coefficients is convenient with regard to the data required
t
for calculation. These data are the molal volumes of the 
solute and solvent. For the particular solvents for which 
the method was evolved, the deviations of the activity coef­
ficient are small. However, for ketone or alcohol systems 
in other solvents, particularly where solvent and solute 
have approximately equal molal volume, large errors may be 
introduced.
The method has its merits in the ability to predict 
reasonable (av. error = 2.8%) value for the activity coef­
ficient at infinite dilution and from this the thermodynamic 
properties of solution.
(3) Problems in Prediction of Activity Coefficients at
Infinite Dilution.
The correlating equations presented were obtained by 
regression analysis of more than one hundred binary solutions 
Initially, it was hoped that a single correlating equation 
would fit all of the experimental data. Attempts to find 
the proper form of this equation appeared to be a failure 
until it was noted that a correlating equation did exist 
for each family of solutions.
The failure of a generalized correlation is attributed 
to the use of the molal volume as being representative of 
the molecular dimensions of a component in all solutions. 
While molecular volume is directly dependent on the size of 
the molecule, it cannot account for the true or effective 
volume occupied by the molecules in all solvents. It would 
seem from this correlation that the use of the molal volume 
is permissible only within a family or series of compounds.
The correlations might be generalized by the use of 
particular molecular sizes, shapes and orientations. The 
success of the predictions for a series of compounds justi­
fies such an investigation.
CHAPTER VIII
CONCLUSIONS
As a result of this investigation, a valid method for 
predicting the thermodynamic properties of binary solutions 
has been developed. The partial success of the correlation 
of activity coefficients at infinite dilution opens an area 
for further investigation and research on the role of size, 
shape, and orientation in the prediction of the departure 
from ideality. Further investigation of the use of this 
method in the prediction of the non-idealities should be 
made for systems in which the solute and solvent have approxi­
mately the same molecular dimensions but different functional 
groups. In this manner, the contribution of size and shape 
might be evaluated.
The use of gas-liquid chromatography is rapidly becoming 
a powerful tool for the investigation of the non-idealities 
of binary solutions. It is suggested that the investigations 
using this instrument not be limited to binary solutions, but 
that it be extended to multicomponent systems. .It is proposed 
that the non-idealities of multicomponent mixtures be investi­
gated by using two or more compounds on the column packing as
as the solvent phase.
The effect of each solvent on the departure from 
ideality of a given solute could be determined separately 
in another experiment. The deviation due to the multi- 
component system could thus be related to the separate 
contributions of each solvent.
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A P P E N D I X
APPENDIX A 
NOMENCLATURE
f° - fugacity of pure solute at the existing temperature
G - gas phase
K - partition coefficient
L - liquid phase
n - number of plates
N - vessel "N"
ng - mols of gas per unit volume
nl - moIs of liquid per unit volume
P - partial pressure
77 - average column pressure
P° - vapor pressure
R - gas constant
T - temperature
V - effective plate volume
vG - inert gas retention volume
vL - volume of liquid in vessel
VM - retention volume of solute minus retention volume of inert gas
87
mol fraction in liquid phase 
liquid phase concentration 
mol fraction in gas phase 
gas phase concentration






Run No. 1 - Pentane in n-Hexadecane
Recorder chart speed = 61.875 inches/hour
Carrier gas flow rate = 60 c.c./minute
Atmospheric conditions
T = 77°F
TT0 = 759.86 mm Hg.
Inlet column pressure = T T  ̂ = 1794 mm Hg abs.




2. Retention volume = V^0 =
Chart distance = 28.91 cm.
Chart speed = 1.03125 in./min.
z/3 T o  ( ^ . ) ~  1
( H u ' f - 1
\ TTo / 3
C ^ ) ( 7 5 % S f o )  (  7S1- S t )
89
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Flow rate of carrier gas
60 c.c./minute = 1 c.c./second
11.0414 min x 60 cc/min = 662.483c.c.
Correction for lag between column and detector = 1 sec. 
1 sec. x 1 c.c./sec = 1 c.c..
Ic.o. X
Corrected retention volume -
y  • 4“S 3  •— 1 .8 8 3  =  (oC?l* c . ,o .M
Vj4 @ column conditions
(oGI.(o c.c* X 75^»8Ci
/4-5*7.*£̂  /r+~r*~
4. Partition Coefficient - K
K VL
Weight of column liquidVL Density at Column conditions 
2.165 grams _ ? R„n
0.765 grams/c.c. 2.830 c.c.
Vm = 350.376 c.c.
K 350.376 123.8082.830
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5. Activity coefficient at infinite dilution
x° _ nlrT O f  -  — ^ ----
-X°
/ molecular weight = — 0t.Z.65 Ja./c»c•
6 226.43 g/g mole
Nl = 1/ molal volume of column liquid
NL -
Nl = 0.003378 g mole/c.c.
Nl = 82.057 c.c. atm/g mole -°K
T = 303.K




6. Excess free energy of mixing -
Methanol in n-Tetradecane @ 30°C.
L  %  = RTlnK
R = .0019878 Kcal/g.mole-°K
T = 303°K
K = 1.11
&  Gm = (.0019878) (303)(In 1.11) =0.06
Excess enthalpy of mixing - 





=  -o.oiS5C/o^ . -r=3o3DK
V  SIT A>*
C>UM = (-.0 T 5 5 C )(.0 ^ Ic'S-'6)(_303)'-=
8. Excess entropy of mixing
Methanol in Tetradecane @ 30°C
z^sM =  
& s h = -jajil - {.•oontnfyfl*' £>5.s)
3 0 3
£>5^ - -0.04* Kcf»L/cj,Kole-°K
KEY TO TABLES
D - Chart distance, inches
Vm - Corrected retention volume, cubic centimeters
VL - liquid phase volume, cubic centimeters
T - retention time in seconds
k - ratio of inlet to outlet column pressure


















p - Propanol - 1
Q - Butanol - 1
R - Pentanol - 1
S - Hexanol - 1
AA - Acetone
BB - Butanone
CC - Pentanone - 2
DD - Pentanone - 3






Carrier Gas Flow Rate: 60 c.c. per minute




A 3 5 0 . 3 7 6 1 2 3 . 8 0 8
B 1 0 7 4 . 4 5 4 3 7 9 . 6 6 6
F 2 4 5 . 5 1 8 8 6 . 7 5 6
G 4 8 7 . 8 6 2 1 7 2 . 3 8 9
H 6 3 1 . 5 0 6 2 2 3 . 1 4 7
I 1 3 5 6 . 0 7 7 4 7 9 . 1 7 9
J 1 9 3 6 . 8 1 9 6 8 4 . 3 8 8
f°
0 . 7 7 0  
0 . 2 4 8  
1 . 0 5 0  
0 . 5 2 5  
0 . 5 1 0  
0 . 2 2 5  





Carrier Gas Flow Rate: 60 c.c. per minute





B 4 19.038 148.070
C 1 1 10.062 392.248
F 119.442 42.206
G 208.011 73.502





















Column Packings n-Tetracosane 
Carrier Gas Flow Rate: 60 c.c. per minute 
Column Length: 10 feet 
Column Temperature: 60°C.
V-j= 3.062 c.c.
Solute Vm K f°
A 140.771 45.974 1 .930
B 377.330 123.230. 0.710
C 1001.198 326.975 0.265
D 2595.887 847.775 1 .000
F 109.184 35.658 2.430
G 185.603 60.615 1 .380
H 244.044 79.701 1 .400
I 458.513 149.743 0.690
J 629.422 205.559 0 .526
K 1214.932 396.777 0.263
L 589.324 192.464 0.510




Column Packing: n-Tetracoaane 
Carrier Gas Flow Rate: 60 c.c. per minute 
Column Length: 10 feet 
Column Temperature: 80°C.
V1= 3.062 c.c.
>lute m K f°
A 87.042 28.427 3.; 70
B 21 1.90 1 69.203 1 .320
C 507.866 165.861 0.550
D 1254.202 409.602 0.220
F 70.812 23.126 3.950
G 1 1 1.645 36.461 2.400
H 145.982 47.675 2.400
I 266.546 87.050 1 .250
J 350.357 114.421 1 .000
K 643.950 210.304 0.526
L 324.963 106.128 0.996
M 831.871 271.676 0.383
X 1798.845 587.474 0. 165




Column Packing: n-Tetracosane 
Carrier Gas Flow Rate: 60 c.c. per minute 
Column Length: 10 feet 
Column Temperature: 105°C.
V.j= 3.062 c.c.
)lute Vm K f°
A 54 .'642 17.845 5.400
B 122.225 39.926 2.450
C 262.736 85.805 1 . 140
D 599.038 195.636 0.500
F 46.800 15.284 6.400
G 636.410 207.841 0 .445
H 87.061 28.433 4 . 400
I 123.770 40.421 2.850
J 191.199 62.442 2.000
K 326.235 106.543 1 . 150
L 186.623 60.948 1 .950
M 421.768 137.743 0.835
X 825.829 269.702 0.400




Column Packing: n-Pentatriacotane 
Carrier Gas Plow Rate: 60 c.c. per minute 
Column Length: 10 feet 
Column Temperature: 80°C.
3.087 c.c.
Solute V K f°m
A 72.436 23.465 3. 170
B 176.238 57.090 1 .320
C 408.895 132.457 0 .550
D 989.313 320.477 0 .220
F 57.945 18.771 ' 3.950
G 92.243 29.881 2 .400
H 123.183 39.904 2.400
I 227.051 73.551 1 .250
J 294.413 95.372 1 .000
K 539.570 174.788 0 .526
L 278.820 90.321 0 .996
M 709.798 229.931 0 .383
X 1538.538 498.393 0.1 65




Column Packing: n-Pentatriacotane 
Carrier Gas Flow Rate: 60 c.c. per minute 
Column Length: 10 feet 
Column Temperature: 105°C.
V1= 3 .0 8 7  c . c .
Solute V K f°m
A 45.534 14.750 5.400
8 100.038 32.406 2.450
C 211.580 68.539 1 . 140
D 473.387 153.348 0 .500
F 38.296 12.405 6.400
G 53.272 17.257 4 .450
H 74.915 24.268 4 .400
I 106.637 34.544 2.850
J 164.101 53.158 2.000
K 269.667 87.356 1 . 1 50
L 159.034 51.517 1 .950
M 363.969 117.904 0.635
X 689.461 223.343 0.400




Column Packing: n-Tetradecane 
Carrier Gas Flow Rate: 60 c.c. per minute 
Column Length: 10 feet 
Temperature: 30°C.
Solute k vm D
N 1.3911 8 . 32 68.93 1.15
0 1.3911 29.61 245.19 4. 09
P 1.3911 9 9.86 626.95 1 3. 78
Q 1 .391 1 317.17 2 626.50 43. 77
R. 1.3911 56 7.52 4 699.60 78. 33
AA 1.3930 50. 1 2 42 0.56 7.01
BB 1.3930 16 3.29 1370.32 22. 84
CC 1.3930 4 18.26 3609.69 56 . 50




Column Packing: n-Tetradecane 
Carrier Gas Flow Rate: 60 c.c. per minute 
Column Length; 10 feet 
Temperature: 60°C.
Solute k m r
N 1.3930 5.69 47.78
0 1.3930 1 6.45 138.08
P 1.3930 45.06 378. 15
Q 1.3930 119.89 1006.09
R 1.3930 215.57 1609.01
S 1.3930 711.46 5 970.53
AA 1.3862 22.59 189.00
BB 1.3662 6 4.68 54 1 . 1 1
CC 1.3862 156.77 13 11.53
DD 1.3862 190.62 1594.67
D
. 8 0  
8 . 3 0  
6 * 3 0  
1 6 . 7 7  
3 0 * 1 5  
9 9 .  51 
3 . 1 5  
9 . 0 8  
21 . 8 6  




Column Packing: n-Tetradecane 
Carrier* Gas Flow Rate: 60 c.c. per minute 
Column Length: 10 feet 
Temperature: 80°C.
Solute k X m r
N 1 .3943 4 . 69 37.44
0 1 .3943 1 1 .37 90.79
P 1 .3943 2S • 03 223.87
ft 1 .3943 67.67 540.53
R 1 .3943 119.25 952.60
S 1 .3943 344.75 2753.90
T 1 .3943 711.11. 5680.32
AA 1 .3930 14.43 115.17
BB 1 .3930 38.61 308.25
CC 1 .3930 88 .45 706.12
















Column Packing: n-Tetradecane 
Carrier Gas Flew Rate: 60 c.c. per minute 
Column Length: 10 feet 
Temperature: 105°C.
iolute k Vmm r D
N 1 .3930 3.36 26.32 .45
0 1 .3930 7.53 60.07 1 . 00
P 1.3930 1 6 . 4 S 131.54 2.19
Q 1.3930 3 7.09 2 96.08 4.93
R 1.3930 62 . 85 50 1 .74 S. 36
S 1 .3930 1 59.4 0 1272.53 21 .21
T 1 . 3930 344.03 2 746.50 4 5. 73
Y 1 .3930 727.46 5 60 7.53 96. 79
AA 1.39 11 3.91 7 1 .05 1 « 1 B
BB 1.3911 2 1 .96 175.19 2.92
CC 1 .391 1 45.50 362.91 6 . 05
DD 1.3911 55.01 438.91 7.3 2
TA3LE XXXIX
LXPRR1REXTAL DATA
Column Packing: n-Tetradecane 
Carrier Gas Flow Rate: 60 c.c. per minute 
Column Length: 10 feet 
Temperature: 125°C.
Solute k m T D
N 1 .391 1 2 .49 20.12 .34
0 1 .39 1 1 5 .50 44 . 36 .74
P 1.391 1 11.12 69 . 72 1 .50
2 1 .391 1 2 3.49 169.59 3. 16
R 1 > JV ] 1 36. 57 311.29 5.19
S 1 .391 1 9o.4o 776.4] 12.97
T 1 .391 1 165.51 1335.74 22.26
V 1.3911 370.02 2 986.25 49. 77
AA 1 .3633 6*31 50 . 54 .35
BB 1.3883 14.94 120.44 2. Cl
CC 1 •3883 29.64 24 0.49 4.01
DD 1.3863 35 . 26 284.35 4.74
TABLE XL
EXPERT ME i'I T AL DATA
Column Packing: n-Hexadecane
Carrier Gas Plow Rate: 60 c.c. per minute
Column Length: 10 feet
Temperature: 30°C.
Solute k vm D
N 1.4009 7.70 59 ■ 52 .99
0 1.4009 2 3 . 3 3 21b.94 3 . 65
P 1.4009 90.73 701.09 11. 63
Q 1.4009 269.11 2233.96 37.23
R 1.4009 32 4.01 4 04 9.09 67. 46
AA 1.4064 4 5. 90 356.73 5. 95
B3 1.4064 165.3 9 12 94.76 21 .58
CC 1 .4 064 407.47 5 1 6 / . 0 2 52. 78






Carrier Gas Flow Rate: 60 c.c. per minute
Column Length: 10 feet
Temperature: 60°C.
Solute k Vm or
N 1.4060 5.25 40.77
0 1.4060 15.81 122.84
P 1.4060 4 2 « 84 332.68
n«6 1 .4-3 60 1 12.70 675.82
R 1.4 060 19 9.12 1547 .41
S 1.4060 64 8.88 5042.56
AA 1.8975 2 0.74 1 60.65
BB 1 .3975 66.23 512.66
CC 1.3975 154.31 1194.50





1 A . 60 
25. 79 
84 . 04 
2.68 







Carrier Gas Flow Rate: 60 c.c. per minute
Column Length: 10 feet
Temperature: 80°C.
Solute k vm * D
N 1 .3926 4.32 ‘ 33.04 • 55
0 1.3926 10.75 62.23 1 . 37
P 1.3926 2 5.99 196.93 3.32
Q 1.3926 6 5 . 0  o 4 62*54 3. 04
R i .3926 i 1 U . o 3 644.28 14.07
S 1 . 92 6 c 1 7 . 3 24 2c .52 4 0.43
T i . 3926 6 5 4 . 7 6 •ooin 83. 51
AA 1 . 3 9  63 13.14 100.71 1 * 63
3B 1 .3963 59 .29 301.21 5. 02
CC 1 .3963 37 .45 670.33 11.17





Carrier Gas Flov; Rate: 60 c.c. per minute
Column Length: 1C feet
Temperature: 105°C.
>clute k V™HI T
N 1 .4013 3.13 24 . 04
0 1.4013 7.13 54.61
P 1.4013 15.43 118.55
Q 1 .4013 3 3.81 2 39.76
R 1 .4013 5 7.21 4 .3 9 . 5 7
S 1.4013 14-5.15 11!5.20
T 1 . 4 0 1 3 2 13.33 2407.33
Y 1 .4013 664 .06 5 101.96
AA 1 .3931 8 . 0 1 6 1* 54
BD 1 .393 3 2 1 .45 164.22
CC 1.3931 4 6.11 362.9 6









85 . 03 
1 . 02 
2. 74 






Carrier C-as Flow Rate: 60 c.c. per minute
Column Length: 10 feet
Temperature: 125°C.
Solute k Vrc Y
N 1 . 4 0 7 0 2 . 36 1 9 . 3H
0 1 . 4 0 7 0 6 . 2 6 4 3 . 7 9
P 1 . 4 C 7 0 1 C . 6 3 co . 1 9
Q, 1.4070 ' 2 7 • 6 1 1 9 6 . o 7
R 1 . 4 0 7C 3 o . a 9 3 2 2 . 6 6
S 1 . 4 O / v-f 9 7 . 1 1 6 0 . 6 0
T 1 . 4 70 1 6 6 . 7 7 1 6 5 . 5 6
Y 1 . 4 0 7 0 37 3 . 1 6 50 9 n .81
AA 1 . 4 0 5 9 3 . 6 ‘5 4 6 . 6 6
BB 1 . 4 0  = 9 1 5 . 0 6 1 2 4 . 8 4
CC 1 . 4 0 5 9 ?3 . 9 4 2 3 9 . 9 5





6 . 38 
13.4a 










Carrier Gas Flow Rate: 60 c.c. per minute
Column Length: 10 feet
Temperature: 30°C.
iolute k
H 1 . 3 9 6 8
0 1 . 3 9 6 5
P 1 . 3 96 -"
^  1 . v< ( <
R 1 . 3  9 6 -i
AA 1 . 4 - P 3
E3 1 .4 0?3










4 7 3 • A 4 4 0 6 9 • :; 0
4 3.70 369.63
13 7.6b 1191.7?
3 3 0 . 0 2  3107.59
4 4 2.31 3819.38
D 
1 . 06 
3 . 67 
12.40 
38.48 
68 . 1 o 
6.16 
19.86 






Carrier Gas Flow Rate: 60 c.c. per minute
Column Length: 10 feet
Terr.perc.ture: 80°C.
Solute VXU v „* m r D
I'l 1 .4002 5.10 44.12 . 74
0 1 .400? 1 4 . O'2 121.22 2. 02
P 1 .40''? 2 9. 03 337.47 3.62
Q 1.400? 0 9.88 662.73 14.40
R I.40n? 176.4 3 1 '; 2 r;. c. 2 25.43
S 1.4002 ;' 7 9.26 5 0 0 9 * 0 6 83 • 46
AA 1 .40 0 ? ?p • 1 & 1 /’4.4ft 2.91
BB 1.4002 3 6.37 4 rj 7 .44 6.12
CC 1.4002 13 6.96 1 1 7 3 . ; • 9 1 9. 60





Carrier Gas Flew Hate: 60 c.c. per minute
Column Length: 10 feet
Temperature: SO°C.
»olute k vm rr D
N i .4013 4.30 33 • 58 . 56
0 1 . 4 ■) 1 3 9 • 4 6 76 .67 1.56
•u 1 . 4 0 1 3 ?4 . 33 196*34 3. 27
v«4 1 .401 3 49.37 4 / 4.44 7.91
H 1.4013 1 0 3.73 ..V 0.-5/ 1 3 . 64
u ! . 4 0 1 3 3 9 3 • o 7 2 290.61 39.65
rn 1 .4013 417.77 4 513.18 61 .89
AA 1 . 7069 1 7. ? ft 106.10 1 . 77
E3 1 .3-4 9 7 4  .3:7 2 73.64 4.56
CC 1 .3449 77.34 617.94 1 0. 30
DD 1.3949 6 K • 33 6 8 1 . 6 3 1 1 . 36
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TABLE XLVIII
EXPERT LE 1-3TAL DATA
Column Packing: n-Eicosane
Carrier Gas Flew Rate: 60 c.c. per minute
















1 •.  j  9 6 
1 « . 1 6 -
1 . 3 9 nr. 
1 • 3 9 6 5 
i .30' 6 3 
1 . 3 0 6 - :  
1 . 3 9 6 5  
1.3967 
1 . 3 9 8 7  
1 . 3 9 rs 7 
1 . 3 9 6  7
vmm
6 . 9 1 
O • 3 T'> 
1 lr . 7
3 3 « £ £
7 0 . ‘’i 1 
13 7 . 9 1  
8 9 A . 7 2: 
.:> - j .33
! 9 . 03
4 1 .11 
4 4 . 3 7
'T
38 . 27 
80 . 76 
1 14.7-;
3 ; v 9 . 2' 6
4 34 . 6 1
110 1 .V36 
2 806.01 
5 0 6 0 . 0 3  
6 3 * 1 7  
158 . 1 3 
323.67 











8 * 64 






Carrier Gas Flow Rate: 60 c.c. per minute
Column Length: 10 feet
Temperature: 125°C.
Solute V Vm <r D
23 1 . 4 0 1 7 7.11 17.43 . 29
0 1.4017 4 . 63 3 6 . i a . 64
? 1.4Q17 9.67 6 1. 4 b 1 . 36
3 1.4317 7 Cj . 6 7 170.56 2 . 64
R 1.4017 7 7 . 77 77 6.70 4 . 65
S i.4317 4 . 3 i) 696.41 11.61
T 1.4017 14 4. 99 1 1 3 6 • 6 S 1 9. 34
v 1 . 4.0 1 7 37 3 .4b 3 6 69.6 5 44 .49
AA 1 .400 = 6.37 5 1.69 .66
33 1 .400=. 1 3 . v 1 1 1 i . 4 b 1 . 66
CC 1 .40 OR 3 6* 13 2 16.52 3 . 59




Cclutr.n Packing: n-Tetracosane 
Carrier Gas Flcv; Rate: 60 c.c. per minute 










1 . 39 ft 9 
a 9 ̂ '•< 
3969 
3 v ft 9
.«0 9 V






4 » V *-r
r
0 0 . 9 8




4 / 4 . 9 o 
I 1 8 4 . 3 1 
' '4 e . 64 
j  7 1- 3 . 0 ft
1 . 02 
3 . oft 
12.12 
37. 1 5 
64 . 78 
6.23 
1 9. 74 





Column Packing: n-Tetracosane 
Carrier Gas Flow Rate: 60 c.c. per minute 















. 7 9?: 9 
.3 9 69
• Ji'-isi'-J 
. 89 29 
. j96 9
• .3969
• 339 69 
. .'.3 9 6 9
m
6 . .'34 
1 4 . 8 6  
4 0.2 2 
i o <a « • 0 
1o 2 . 4 b  
•vb ?■ • -94 
£ i * ."3 6 
6 7 • 7o 
1 '• 1 
1 :-6 . 7b
r
4 r 3 . 3 3 
i 2 6 • 1 2 
341.39 
864 *96 
16 4 b .1C 
'.z 0. ■< 4 • r> 1 
!b C .70 
4 v ; .1 9 




3 . 1 0 
6 • 69 










Colurr.n Packing: n-Tetracosane 
Carrier Gas Flow Hate: 60 c.c. per minute 














1 . 4C0 6  
i . 4  6
1 .4006
• . 4 6
1 . 4. 0 ̂





4 . 4 0  
1 0 » 63 
3 6.30 
6 9 . v 0 
i 0 4 .6 C 
7 0 0 . 6 0
f" 1 / . 9 
1 4 • 6 j
—7 f" J. Z~.
n  # o r
r
3d . 3 1 
i'.i 4.03 
30 1 . 4  7 
4 7 3 . 6 2  
,7 3.6.74 
3 . V C 
4 v 3 0 . 7 0  
1 1 1 . 73 
7 70.6 c 
6 3 4 . 8 6  







4 0. 05 
o 2 • 2.3 







Column Packing: n-Tetracosane 
Carrier Gas Flow Rate: 60 cc. per minute 












1 • a q 6 V 
1 . 3 9 6 9  
1 . 3 9 6 9  
1 .39 ft-.' 
i.39 39 
1.3939 
; . 3  Qo 5 
1 . 3 969 
: .3937
1 6 viv D (
! . 3937 
1 . 3 9 3 7
i.i
3 • 7 6
17.11
9 9.03 
19 3 . 3 9  
3 9 4.3 1 
73 7 » 1
3 0 . 99 
9 2 . 9 0  
u 7 . 0 0
T'
3 0 . 0 3  
— * v 3
1 3 6 « 6
.'.01 . j 3 
5 11.36 
i 7 9 t i. 3 9
1 3 / • v
5 3 6 3 . 0 1  
70 . 39 
163*03 
6 . 19 
3 7 5 . 5 6
D
. 50 
1 . 1 3  
2 . 23 
5 . 03 
S.K2 
2 i . 69 
52.96 
99. 37 
1 » 1 rj
2.73 





Column Packing: n-Tetracosane 
Carrier Gas Flow Rate: 60 c.c. per minute 













1 . 3 9 7 3  
i *j97c 
i • j  9 7 0
1 . 3 9 7 3
1 . 3 9 7 3  
I . 3 9 7  6
* 3 9 7 3 
1.3933 
:.3933 
i . 3 9 3
1 . 3 9  9 3
V,m
.9 . 3 C
37
1 «• 3 » 9 0
0 9 o . r, 1 
* 9
1 « 1 7
3 7.39 
7 0 . 73
r
1 9 • o r-
4 4 . u 0
•3 c • 1 3
i t / /■ 
_;oC o V
7 I V . 7 O
1 > 7 o • 0 4
3 74 1 • d :•
7 3 . v/ r>
11c. ~ '






d • 96 
4. B1 









COEFFICIENTS FOR DENSITY TEMPERATURE RELATIONS
Solute a b c
N 0.80999 -0.9253 -0.41
0 0.80625 -0.8461 +0.16
P 0.82010 -0.8183 + 1 .06
Q 0.82390 -0.6990 -0.32
R 0.82896 -0.6927 -0.6956
S 0.83285 -0.7000 +0.1778
T 0.83591 -0.6229 -2.3331
U 0.84225 -0.7862 -3.3867
AA 0.81248 -1.1000 -0.8580
BB 0.82551 -1.0220 -0.4600
CC 0.82610 -0.9230 -0.7660
DD 0.83370 -0.9400 -0.6620
Density = d = a + ( bt ) 10"^ + ( ct2 ) 10“6 = grams/c.c.
t = temperature In °C.
Reciprocal of molal volume = V = d/molecular weight
= ft. mol/c.c.
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